The O-polysaccharide (OPS) was isolated from Cronobacter universalis NCTC 9529 T , a new species in the genus Cronobacter, which was created by the reclassification of the species Enterobacter sakazakii. Purified polysaccharide was analyzed by NMR spectroscopy ( 1 H, COSY, TOCSY, ROESY, HSQC, and HSQC-TOCSY) and chemical methods. The monosaccharide derivatives were analyzed by gas chromatography, and gas chromatographymass spectrometry. These experiments enabled the type and number of monosaccharides in the repeating unit of OPS, their positions of linkages, and absolute configuration to be determined. Together the chemical analysis established a structure of the OPS of C.
The bacterial genus Cronobacter can cause severe illness in highly vulnerable neonates, infants and the elderly. 1 The organism has come to prominence due to its association with severe, although rare, neonatal infections leading to necrotizing enterocolitis (NEC), septicaemia and meningitis, which can be fatal.
The genomes of over 50 Cronobacter strains have been published and are available online by open access (www.pubmlst.org/cronobacter). 2 One highly variable genomic region (ESA_01179-89) corresponds to the O-antigen gene locus. The locus contains two genes galF (UDP glucose pyrophosporylase; ESA_01177) and rfbB (6-phosphogluconate; ESA_01178) which are conserved in all the Cronobacter strains, whereas the rest of the genes within the O antigen locus are highly divergent (Kucerova et al. 2009 ). 3 These variations have been used in serotype specific PCR-based assays. [4] [5] [6] Despite the advances in genome sequencing, the Oantigen variable region of many strains is only annotated with predicted genes, and needs experimental verification. In C. sakazakii, C. malonaticus and C. turicensis the lipopolysaccharide (LPS) are composed of various branched polymers, whereas they are unbranched in C. muytjensii. [7] [8] [9] [10] [11] The structure of the O-PS in the remaining 7 species has not been determined.
Cronobacter is a newly emergent Gram-negative bacterial pathogen associated with severe neonatal infections through the ingestion of contaminated reconstituted infant formula.
Despite the need for improved detection and profiling technologies for the detection and control of the bacterium in powdered infant formula to date the OPS of only a few Cronobacter strains has been determined from the ten recognised species. Lipopolysaccharide (LPS) isolated from Cronobacter universalis type strain NCTC 9529 T was subjected to mild hydrolysis to remove the lipid A portion. The mixture of oligosaccharides and polysaccharides obtained after centrifugation was separated using size exclusion chromatography (SEC) on a polyacrylamide gel (Bio-Gel P-100). All collected fractions were monitored by 1 Table. 1. The anomeric configurations of sugar residues were assigned (Fig. 2) . 13 On the ROESY spectrum inter-residual NOE protons contacts were observed between: A1/B4, B1/C3, C1/D3, D1/A3.
The NMR spectroscopy experiments and chemical analysis of O-polysaccharide enabled to establish a structure of the OPS of C. universalis NCTC 9529 T as: 
The isolation of O-polysaccharide
LPS (380 mg) was hydrolyzed with diluted acetic acid (1% CH3COOH, 2h at 100 °C) to cleave lipid A from the sugar portion of LPS. Then the sample was centrifuged to separate the lipid A. The supernatant was evaporated in a vacuum evaporator to remove acetic acid. Then sample was dissolved in distilled water, frozen and lyophilized. The part of lyophilizate (100 mg) was dissolved in distilled water and subjected to size exclusion chromatography (SEC)
using Bio-Gel P-100 (Bio-councils; USA). 10 Separation was carried out against deionized water on a column (100 x 0.9 cm). Collected fractions were monitored by a differential refractometer detector (RI-2031 Jasco, Japan). Finally, 3 mg of high molecular weight polysaccharide was obtained for structural analyses.
Chemical analysis
Sugar analysis was performed to determine the sugar composition of O-polysaccharide. The sample was hydrolyzed with trifluoroacetic acid (4M TFA, 2h at 120 °C), reduced with sodium borohydride, and acetylated with acetic anhydride in the presence of sodium acetate (120 ° C for 2h). Obtained derivatives were analyzed by GLC-MS technique. 10 Methylation analysis was undertaken to determinate the substitution position of the monosaccharides. It was carried out using Ciukanu and Kerek method. 16 DMSO was used as a solvent in the presence of solid potassium hydroxide, and then methyl iodide was added. Methylated polysaccharide was extracted with chloroform after removing any excess methyl iodide in a nitrogen stream. 17 Then the methylated O-polysaccharide was hydrolyzed, reduced and acetylated, as described previously, and finally the obtained derivative were analyzed by GC- 
GLC and GC-MS techniques
GLC analysis was performed using a gas chromatograph Carlo Erba 8000 Top equipped in 
NMR spectroscopy
NMR spectra were recorded at 308 K using Bruker Avance III 700 MHz spectrometer. 2 mg of polysaccharide was dissolved in 1 mL of 99% D2O and freeze-dried to replace all exchangeable protons. The process was repeated twice, and the final sample was dissolved in 0.75 mL of 99.9% D2O. Chemical shifts were referenced to acetone (δH 2.225, δC 31.45). All 1D NMR spectra ( 1 H and 13 C) and 2D (COSY, TOCSY, ROESY, HSQC, and HSQC-TOCSY were registered using standard Bruker pulse programs. The letters refer to the monosaccharide residues as defined in Table 1 . The letters refer to the monosaccharide residues as defined in Table 1 . Numbers refer to the protons in monosaccharide. Inter-residual NOE contacts are underlined. 
